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© Electric power supply system. 



© A power supply system of a high reliability and 
stability capable of suppressing a cross current flow 
by establishing rapidly synchronism between a pow- 
er converter and an AC power source (2) in a par- 
allel operation for changing over the power supply 
sources. The power supply system comprises a 
current (16, 17) for detecting an AC current supplied 
from a power converter, a comparator (18) for mak- 
ing decision as to whether the AC current exceeds a 
predetermined value, and a regulation input means 
(19) for fetching an active component of the AC 



power supplied from the power converter in re- 
sponse to an output signal of the comparator (18), 
wherein when the AC current exceeds a predeter- 
mined value, an output frequency of the power con- 
verter is speedily regulated so as to coincide with an 
output frequency of the AC power source (2) in 
accordance with a drooping characteristic of the 
active component of the AC power, while in an 
isolated operation of the power converter, the output 
frequency is set at a predetermined value. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to an 
electric power supply system in which a power 
converter such as an inverter or the l.ke and other 
AC power source such as an electric generator can 
be operated in parallel by maintaining a current- 
balanced state. More particularly, the .nvention s 
concerned with an electric power supply systen m 
which a power converter such as an inverter and 
In AC power source such as a generator can be 
changed over with each other without involving 
interruption of power supp.y to a load by suppress- 
ing a voltage build-up due to a cross current. 



Description of the Related Art 



A method of operating in parallel a power con- 
verter such as an inverter and other AC power 
source such as a generator by imparting a droop- 
ing characteristic to an output frequency of the 
inverter is well known in the art. 

The power supply system of th.s type is em- 
ployed, for example, as a static-type power source 
system for an aircraft. More specifically, during an 
ordinary flight operation, an onboard electric gener- 
ator is used as a power source for supplying an 
electric power to a load, while after the landing 
operation of the onboard generator is stopped and 
the power supply to the load is changed over to an 
Inverter installed on the ground. At that time, two 
power sources are temporarily connected in par- 
allel to the load, whereon these power sources are 
changed over without interrupting the power supply 

to thetoad.^^ understanding of the present in- 
vention, a power supply system of this type known 
heretofore will be discussed in some i dated. F£ . 8 
is a block diagram showing schematically a struc- 
ture of a hitherto known power supply system 
which includes a power converter connected such 
that it can be operated in parallel with a generator. 
Parenthetically, this type power supply system ms 
disclosed, for example, in Japanese Patent Pub 
lication No. 24690/1976. 

Referring to the figure, a power converteMy^ 
fied by an inverter 1 serves to convert a DC power 
P d (a product of a DC voltage V d and a DC current 
, j supplied from a DC power source (not shown) to 
an AC power P, (a product of an AC voltage Vi 
and an AC current h>. Other AC power source such 
as an electric generator 2 is provided in parallel to 

the inverter 1 . Af > 
The output frequency (frequency of the AC 
oower P,) of the inverter 1 is controlled or regu- 
lated in dependence on the voltage by an mverter 



control circuit described hereinafter so as to be 
substantially equal to that of the output frequency 
of the AC power source 2 (i.e.. the frequency of the 

AC power P2). 0 
The inverter 1 and the AC power source 2 
which constitute a parallel-type power source are 
connected to an AC bus 5 via switches 3 > and * 
respectively. Further, a load 6 is connected to the 
bus 5 so that the AC power P, or P 2 generated by 
,0 the inverter 1 or the AC power source 2 can be 
supplied to the load 6. In the parallel operation^ 
both the switches 3 and 4 are closed, and thus the 
inverter 1 and the AC power source 2 : share he 
power supply to the load 6 with each other. In he 
75 ordinary or normal operation, either one of the 
switch 3 or switch 4 is closed, whereby either one 
of the inverter 1 or the AC power source 2 bears 
the power supply to the load 6. 

An inverter control circuit for adjusting or regu- 
20 lating the output frequency of the inverter in accor- 
dance with an effective or active component of he 
AC power P, is comprised of a voltage control 
circuit 10 for controlling the AC voltage V, supplied 
from the inverter 1 so that it coincides with a 
25 reference voltage V re „ a subtracter 11 for de termin- 
ing arithmetically a deviation or difference AV be 
tween the AC voltage V, and the reference voltage 
V rP , and a voltage sensor 12 for detecting theAC 
voltage V,, wherein the elements mentioned above 
3 o constitute a feedback control circuit for equalizing 
the AC voltage V, outputted from the inverter 1 to 
the reference voltage V ret . 

The reference voltage V (e , is generated by a 
reference voltage generating circuit 13 which 
35 serves for determining the output frequency of the 
inverter 1 on the basis of an oscillation frequency f 
outputted from a voltage-controlled oscillator 14. 

The effective power P of the AC power P, 
outputted from the inverter 1 is detected by a 
40 power sensor 15, wherein the effective power_ P as 
detected is inputted to the voltage-controlled os- 

^ v oltage-controlled oscillator 14 exhibits 
such a voltage-versus-frequency (P-f) characteristic 
45 as represented by a solid line curve shown ,n Fig. 
9. Incidentally, a broken line curve represents a 
power-versus-frequency (P-f) characterise of the 
AC power source 2 or generator. 

The output frequency f of the voltage-con- 
50 trolled oscillator 14 lies at "a center frequency fo 
when the inverter 1 is in the no-load state (..e 
when P = 0). However, this output frequency f 
droops as the effective power P increases. By way 
of example, when the effective power P outputted 
55 from the inverter 1 increases to P, (>0), the oscilla- 
tion frequency f droops by Af. On the contrary, 
when the effective power P is negative, i.e. when 
the AC power P 2 is not consumed by the load 6 
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but fed back as a regenerative power, the oscilla- 
tion frequency f rises up. 

Fig. 10 is a block diagram showing an exem- 
plary configuration of the voltage-controlled oscilla- 
tor 14 exhibiting the operation characteristics illus- 5 
trated in Fig. 9. 

As can be seen from this figure, the voltage- 
controlled oscillator 14 is comprised of an oscilla- 
tion circuitry 21 including a quartz oscillator which 
oscillates at a constant frequency F, a frequency w 
divider circuitry 22 for dividing the oscillation fre- 
quency of the oscillator circuitry 21 to thereby 
output, for oxamplo, an eight-bit signal 22a, an 
analogue-to-digital (A/D) converter 23 for converting 
an analogue signal outputted from the power sen- 15 
sor 15 ; i.e., the effective power P, into a digital 
signal such as, for example, a four-bit signal 23a. 

The four-bit signal 23a and the eight-bit signal 
22a are inputted to a digital multiplier 24 which 
serves to modulate the four less significant bits of 20 
the eight-bit signal 22a with the four-bit signal 23a 
to thereby regulate the constant oscillation fre- 
quency F in dependence on the effective power P. 
The output of the multiplier 24 is supplied to a 
frequency divider 25 which serves for dividing the 25 
frequency output of the multiplier 24 to thereby 
output a proper oscillation frequency f which cor- 
responds to the output frequency of the inverter 1 . 

Next, referring to Fig. 9, description will be 
directed to operation of the known power supply 30 
system shown in Fig. 8. 

It is first assumed that the switch 3 is closed 
with the switch 4 being opened. In this case, the 
output power Pi of the inverter 1 is supplied to the 
load 6 as a load power Pi . Starting from this state, 35 
it is again assumed that the power supply to the 
load 6 is to be changed over from the inverter 1 to 
the AC power source 2. 

For realizing the change-over of the power 
sources mentioned above without interrupting the 40 
power supply to the load 6 through the bus 5, the 
switch 4 is first closed to establish a parallel opera- 
tion state in which the invertor 1 and the power 
source 2 are operated in parallel. Thereafter, the 
switch 3 is opened. In the parallel operation state, a 45 
cross current will flow between the inverter 1 and 
the AC power source 2, which current has a mag- 
nitude corresponding to differences between the 
output voltages and phases of the inverter 1 and 
the AC power source 2. 50 

In this conjunction, let's assume that the volt- 
age amplitudes of the output powers of the inverter 
and the AC power source 2 are equal to each other 
and that impedance of the inverter and the AC 
power source connected in parallel is provided only 55 
by reactance due to an internal reactance of the 
electric generator constituting the AC power 
source. On these assumptions, the cross current 



may be considered to be provided only by the 
active current component which is ascribable to the 
difference in phase between the output of the in- 
verter and that of the power source. Consequently, 
in the parallel operation of the power supply sys- 
tem, the burden for power supply to the load is 
shared between the inverter and the power source 
or generator in dependence on the power-versus- 
frequency characteristics thereof. 

In other words, the power supply system op- 
erates at such an operation point where the inverter 
1 bears the supply of the power Pi with the power 
source bearing the power P 2 at a frequency fi 
shown in Fig. 9. Of course, the load power P G 
supplied to the load 6 is given by P 6 = Pi + P 2 . 

As can be understood from the above descrip- 
tion, by imparting the frequency-versus-characteris- 
tic such as mentioned above to the inverter 1 by 
providing the inverter control circuit constituted by 
the circuit elements 10 to 15 shown in Fig. 8, the 
inverter 1 and the AC power source 2 can share 
the power supply to the load 6 in accordance with 
the respective power-frequency characteristics. 

However, in the known power supply system 
described above, no consideration is paid to the 
transient operation state which prevails immediately 
after the parallel operation has been validated by 
closing both the switches 3 and 4. Consequently, 
there arise various problems during a period in 
which no synchronism is established between the 
AC powers Pi and P 2 of the two power sources, 
i.e., the inverter 1 and the AC power source or 
generator 2. 

With the scheme of the hitherto known parallel 
operation control for the power supply system as 
described above, the power supply to the load 6 
can certainly be shared by the inverter or power 
converter 1 and the power source 2 in the steady 
operation state. However, in the transient state im- 
mediately after the system has entered the parallel 
operation, a large cross current will flow until syn- 
chronism is established between the two power 
sources 1 and 2. Accordingly, in the system where 
the inverter 1 and the AC power source 2 are to be 
changed over without interrupting the power supply 
to the load 6, the inverter 1 and the AC power 2 
are operated in parallel only for a short time. How- 
ever, in case a large cross current flow which 
exceeds the rated current of the inverter 1 or the 
AC power 2 occurs during the parallel operation, 
the AC voltage V1 or V 2 of the inverter 1 or the AC 
power source 2 droops, as a result of which the 
voltage of the AC bus 5 is lowered during the 
change-over period or immediately after the lapse 
of that period, giving rise to a problem that reliabil- 
ity of the power supply system is degraded. Addi- 
tionally, even in the isolated operation succeeding 
to the change-over through the parallel operation, 
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the output frequency of the inverter 1 droops in 
dependence on the effective power P, which ,n turn 
means that the output frequency decreases ,n de- 
fence on the .oad 6. to another ^advan^e- 
V Furthermore, when the phase of the AC voKage 
of the AC power source 2 lags that of the AC 
voltage V, of the inverter 1 upon entering the 
paraS. operation, the AC power P : from the AC 
oower source 2 will be transferred toward the AC 
ouTput Sals of the inverter 1. Consequent * an 
AC power P 2 is regenerated at the DC ; input torn 
nals of the inverter 1. resulting .n that the DC 
o LZ V„ rises up, whereby thcro arises the pos- 

'""Besides, it should be pointed out that because 
the elective power P is detected by the power 
lensoMS. as shown in Fig. 8. the structure of the 
Shack control system becomes complicate* 
proving another cause for the deteriorate of the 
reliability of the power supply system. 



SUMMARY Of the INVENTION 



,n the light of the state of the art described 
above it is an object of the present invention to 
^ve the problems of the power supply system 
Known heretofore and provide a power supp^s- 
of an improved structure which .s capable of 
cuopressmgTe oross current flow and preventmg 
2 oS frequency from being undesirably lower- 
S "thereby enhance 

9..oolv svstem by establishing speedily the syn 
SnU'between the inverter and the^ A power 
source only when the cross current flow takes 
niace in the parallel operation. 
P Another object of the present invents is to 
hTT nowe supply system which can emoy an 
Z^ ^mS^m, gradually the output 

; e quency of the Inverter to 
without controlling synchronism with other AO pow 
I 2u ce after termination of the parallel operator, 
Z Sereby prevent abrupt or steep lowering of the 

^"object of the present invention is to 
provide a power supply system of an enhanced or 
Shoved re.iabi.ity by establishing raprfty synchro- 
■ em hA tween the inverter and the AO power 
ITce ton occurrence of power regeneration 
rom the AC power source to the inverter ,n the 
ZmoperaL, to thereby protect the elements 
cons Lng the inverter against injury or damage 

A further object of the present invention is to 
provide a powel supp.y system of an enhanced 
rSty by simplifying the circuit configuration of 
feedback control system for the synchronism 
control of the inverter output. 



The present invention is directed to an electric 
cower supply system which comprises a powe 
r^rouUng a «rst AC power of a, 
AC voltage and a first AC current an AC power 
s source for outputting a second AC ; powe o a 
second AC voltage and a second AC current a 
switch means for supp.ying at ^<°™°"* e J^ f 
an(1 ,. econa AC powers to a load, and a power 
converter centre. 'circuit for regulating an output 
,o ^ouency of the power converter in accordance 
10 2 an active component of the first AC power 

In view of the above and other objects which 

supped from the power converter, a comparator 
"^determining that the first AC current exceeds a 
predetermined va.ue, and a regu.at.on input means 
20 for fetching an active component of the f.rst AC 
newer supplied from the power converter in re 
sponse to an output signal of the comparator are 
provided in the power converter centre, circuit 
wherein when the first AC current exceeds the 
„ .redetermined value, an output frequency of the 
" po^e converter is so regulated as to coincide wrfh 
an output frequency of the AC power sour ce by 
taking into account the active component of the 

30 ,irS w^ P trarrangement of the power supp.y sys- 
3 tern described above, synchronism can rap.d.y be 
established between the output power of the AC 
power source and that of the power convert^ and 
me output frequency of the voltage-controlled os- 
nLor can be so regulated that a cross current 
" Srhe^een the AC power source and the power 
converter is decreased in the transient parallel op- 
eration, while the output frequency is regulated to 
be constant when the synchronism control is not 

40 According to a second aspect of the invention, 
there is provided a power supply system, wherein 
he regulation input means for fetching the effective 
oower is imparted with a function for allowing the 
45 So component of the first AC power to pass 
" ^through in a transient par O-op era Uon .n 
which the first AC power and the second AC power 
Ire supplied to the load from the power converter 
and the AC power source, respectively, through the 
™r source change-over switch means, while .n- 
50 Sg ^l component of the first AC power 
mom passing therethrough in an iso.ated operation 
n whfch onfy the first AC power is supplied to the 
"ad through the switch means, and wherem the 
55 power converter centre, circuit centro.s the output 
frequency of the power converter in the transient 
p2S operation whi.e regu.ating the outpu fre- 
quency of the power converter to a center fre 
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quency corresponding to a no-load operation in the 
isolated operation in succession to termination of 
the transient parallel operation. 

Owing to the arrangement of the power supply 
system described above, control of synchronism 5 
between the output of the AC power source and 
that of the power converter can speedily be vali- 
dated in the transient parallel operation, while in the 
isolated operation, the control of synchronism be- 
tween the AC power source and the power con- 10 
verier can gradually be released to thereby prevent 
the output frequency of the power converter from 
lowering abruptly. 

Further, there is provided according to a third 
aspect of the present invention a power supply 75 
system in which a power sensor means for detect- 
ing the first AC power, a comparator for determin- 
ing that the first AC power is in a regenerative 
state, a regulation input means for fetching an 
active component of the first AC power in response 20 
to an output signal of the comparator are provided 
in the power converter control circuit, wherein an 
output frequency of the power converter is so con- 
trolled as to coincide with an output frequency of 
the AC power source in accordance with the active 25 
component of the first AC power when the first AC 
power is in the regenerative state. 

With the structure described above, synchro- 
nism can rapidly be established between the AC 
power source and the power converter upon occur- 30 
rence of regeneration from the AC power source to 
the power converter, whereby the elements con- 
stituting the power converter can positively be pro- 
tected against injury. 

A fourth aspect of the present invention is seen 35 
in that the power converter control circuit regulates 
the output frequency of the power converter such 
that the first AC power is always maintained higher 
than the second AC power. 

By virtue of the above arrangement, the AC 40 
power outputted form the power converter can con- 
stantly be set higher than the AC generated by the 
AC power source, whereby the stability of the 
change-over control can be ensured. 

According to a fifth aspect of the present in- 45 
vention, there is provided a power supply system 
in which a current sensor means for detecting the 
first AC current, a comparator for determining that 
the first AC current exceeds a predetermined val- 
ue, and a frequency change-over means for chang- 50 
ing the output frequency of the power converter in 
response to an output signal of the comparator and 
in dependence on polarity of the active component 
of the first AC power are provided in the power 
converter control circuit, wherein the output fre- 55 
quency of the power converter is so regulated as to 
be a highest frequency when the first AC current 
exceeds the predetermined value and when the 



active component is of negative polarity, while the 
output frequency of the power converter is so regu- 
lated as to be a lowest frequency when the first AC 
current exceeds the predetermined value and when 
the active component is of positive polarity, and the 
output frequency of the power converter is so regu- 
lated as to assume a center frequency when the 
first AC current is below the predetermined value. 

In the power supply system of the structure 
described above, the output frequency of the pow- 
er converter is set to a highest value or a lowest 
value in dependence on the polarity of the active 
component of the first AC power when the first AC 
current exceeds a predetermined value in the par- 
allel operation. 

A sixth aspect of the invention is seen in that 
the power converter is constituted by an inverter, 
wherein the power converter control circuit includes 
a DC current sensor for detecting a DC current 
value of the inverter, and wherein the output fre- 
quency of the power converter is so regulated as to 
coincide with the output frequency of the AC power 
source in response to the DC current value. 

In the power supply system of the above- 
mentioned arrangement, the inverter output fre- 
quency can be controlled on the basis of the DC 
current of the power converter or inverter with an 
extremely simple circuit configuration. 

The above and other objects, features and at- 
tendant advantages of the present invention will 
better be understood upon reading the following 
description of the preferred embodiments taken, 
only by way of example, in conjunction with the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing generally a 
structure or arrangement of a power supply sys- 
tem according to a first embodiment of the 
present invention; 

Fig. 2 is a block diagram showing schematically 
a structure of the power supply system accord- 
ing to a second embodiment of the invention; 
Fig. 3 is a block diagram showing schematically 
a structure of the power supply system accord- 
ing to a third embodiment of the invention; 
Fig. 4 is a view for illustrating graphically power- 
versus-frequency (P - f) characteristics realized 
by a voltage-controlled oscillator incorporated in 
the power supply system according to a fourth 
embodiment of the invention; 
Fig. 5 is a block diagram showing schematically 
a structure of the power supply system accord- 
ing to a fifth embodiment of the invention; 
Fig. 6 is a view for illustrating graphically power- 
versus-frequency characteristics realized by a 
frequency change-over means in the power sup- 
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ply system according to the fifth embodiment of 
me invention; 

Fig 7 is a block diagram showing schematically 
a structure of the power supply system accord- 
ing to a sixth embodiment of the invention; 
Fig 8 .s a block diagram showing schematically 
a structure of a hitherto known power supply 
system; 

Fig 9 is a view for graphically illustrating power- 
versus-frequency characteristics of a voltage- 
controlled oscillator employed in a conventional 
power supply system; and 

Fiq 10 is a block diagram showing a circuit 
configuration of a conventional voltage-con- 
trolled oscillator. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Now the present invention will be described in 
detail in conjunction with the preferred or exem- 
plary embodiments by reference to the drawings. 

Embodiment 1 



Fig 1 shows a power supply system according 
to a first embodiment of the present invention In 
this figure, the elements or components > des.gnated 
by reference numerals 1 to 6 and 10 to 15 are 
came as or equivalent to those denoted by like 
numerals in Fig. 8 and mentioned here.nbefora 
Therefore, repeated description of these elements 
will be unnecessary. 

According to the teachings of the mventon 
incarnated in this embodiment, the inverter contro 
circuit further includes a current transformer 16 for 
detecting an AC current I, outputted from the in- 
verter 1 and a current sensor or transducer 17 for 
converting the AC current I, detected by the cur- 
rent transformer 16 into a voltage signal. The cur- 
rent transformer 16 and the current transducer 17 
cooperate to constitute a current sensor means 

A comparator 18 is connected to the output of 
the current sensor means 16; 17 for making de- 
cision as to whether the AC current I, exceeds a 
predetermined value, to thereby generates an out- 
put signal C of "H" level when the AC current I, 
exceeds the predetermined value. An analogue 
switch 19 is interposed between the output terminal 
of the power sensor 15 and the voltage-control ed 
oscillator 14 and is adapted to be closed when the 
output signal C of the comparator 18 is at the level 
of -H- Thus, the analogue switch 19 constitutes a 
regulation input means for fetching an active com- 
ponent P of the AC power P, in response to the 
output signal C of the comparator 18. 

The predetermined value used as the reference 
for the decision to be made by the comparator 18 



is set in consideration of the AC current I, flowing 
in the parallel operation state of the inverter 1 and 
the AC power source 2. When the AC current h 
exceeds the predetermined value, i.e.. in the par- 
5 allel operation of the inverter 1 and the power 
" source 2. the analogue switch 19 is closed, where- 
by the active component or effective power P ot 
the AC power P, is fetched to be supplied to the 
voltage-controlled oscillator 14. 
10 By virtue of the arrangement described above, 

in the parallel operation, the output frequency of 
the inverter 1 is so regulated as to coincide with 
the output frequency of the AC power source ,2 in 
dependence on the effective power P through the 
,s inverter control circuit constituted by the elements 

10 to 19. . 

On the other hand, in the isolated operation of 
the inverter 1 after termination of the parallel opera- 
tion, the output signal C of the comparator 18 
20 assumes a level "L" because the AC current!, 
becomes smaller than the predetermined value. 
Then the analogue switch 19 is opened, whereby 
the fetching of the effective power P is interrupted. 
Thus in the isolated operation, the oscillation 
25 frequency f of the voltage-controlled oscillator 1 4 .s 
shifted to the center frequency fo, resulting .n that 
the output frequency of the inverter 1 is regulated 
to the center frequency fo- 

At this juncture, it should be recalled that m the 
30 case of the power supply system known heretofore, 
the output frequency of the inverter 1 droops in 
dependence on the effective power P, as can be 
seen from the characteristic curve shown in Fig 9. 
which in turn means that the output frequency f of 
35 the inverter 1 will droops in dependence on the 
load 6 even in the isolated apparition of the in- 
verter, in contrast, in the case of the power supply 
system according to the instant embodiment of the 
invention, the synchronism control is performed on 
40 the basis of regulation of the output frequency of 
the inverter 1 only in the parallel operation, while in 
the isolated operation, the inverter is controlled to 
output the center frequency fo, whereby the output 
frequency f is prevented from lowering. 
45 As will" be appreciated from the above descrip- 

tion by setting the predetermined value for refer- 
ence for the decision performed by the comparator 
18 at a higher value than the value of the current 
supplied ordinarily to the load 6, the frequency 
so control, i.e., the synchronism control of the inverter 
1 based on the effective power P is performed only 
when the AC current h outputted from the inverter 
1 increases due to the cross current from the AC 
power source 2 in the parallel operation. On the 
55 other hand, in the isolated operation of the inverter 
1 the output frequency f assumes the center fre- 
quency fo in correspondence to the effective power 
of zero. 
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Embodiment 2 

In the case of the power supply system ac- 
cording to the first embodiment of the invention, 
the analogue switch 19 is opened instantaneously 5 
when the AC current h decreases below the pre- 
determined value set for the comparator 18 after 
termination of the parallel operation, which is ac- 
companied with a rapid shift of the output fre- 
quency f of the inverter 1 to the center frequency 10 
fc. In practical application, however, it is desirable 
to shift smoothly the output frequency f to the 
center frequency f 0 . 

With the second embodiment of the invention, 
it is contemplated to perform the synchronism con- 75 
trol only in the parallel operation for changing over 
the power sources and shift gently or smoothly the 
output frequency of the inverter 1 to the center 
frequency f 0 after termination of the parallel opera- 
tion. 20 

Fig. 2 shows a structure of the power supply 
system according to the second embodiment of the 
invention. Referring to the figure, a variable gain 
amplifier 20 is interposed between the power sen- 
sor 15 and the voltage-controlled oscillator 14 as 25 
the regulation input means. This variable gain am- 
plifier 20 is so designed that gain thereof becomes 
"1" (unity) when the output signal C of the com- 
parator 18 assumes the level "H" and that the gain 
is gradually lowered to "0" (zero) over a time span 30 
T1 when the output signal C of the comparator 18 
assumes the level "L n . 

In this conjunction, it should be noted that the 
above-mentioned time span or period T1 for the 
variable gain amplifier 20 is set sufficiently longer 35 
than the duration of the parallel operation for the 
change-over of the power sources in which both 
the switches 3 and 4 are closed. More specifically, 
in the transient parallel operation in which both the 
switches 3 and 4 are closed to supply the AC 40 
powers Pi and P 2 to the load 6, the effective or 
active component P of the AC power Pi is allowed 
to pass through the variable gain amplifier 20 with 
the gain of "1". On the other hand, when the switch 
4 is opened with the switch 3 being held in the 45 
closed state to supply only the AC power Pi to the 
load 6 after lapse of the transient parallel operation 
(i.e., after lapse of T1 seconds), the effective power 
P passing through the variable gain amplifier 20 is 
gradually decreased. 50 

More specifically, when the cross current which 
exceeds a predetermined value flows to the AC 
input side of the inverter 1 in the parallel operation 
of the inverter I and the AC power source 2, the 
gain of the variable gain amplifier 20 is set to "1" 55 
in response to the output signal C of the compara- 
tor 18, whereby the synchronism control is started, 
as described previously, whereby the difference in 



phase between the output of the inverter 1 and that 
of the AC power source 2 is decreased. However, 
when the cross current decreases below the pre- 
determined value, the gain of the variable gain 
amplifier 20 decreases only gradually to zero over 
the time span of T1 seconds. 

As a result of this, the input to the voltage- 
controlled oscillator 14 decreases gradually to zero, 
causing the output frequency f of the inverter 1 to 
be smoothly shifted back to the center frequency 
fo. Thus, in the isolated operation, the inverter 1 
can operate at the center frequency f 0 which cor- 
responds to the frequency in the no-load operation 
state. 

Embodiment 3 

In the power supply systems according to the 
first and second embodiments of the invention, 
there may arise such situation that the comparator 
18 remains inoperative, because of a small cross 
current, to thereby prohibit the output frequency 
control of the inverter 1 when the difference in 
phase between the AC powers Pi and P 2 is small 
upon initiation of the transient parallel operation of 
the inverter 1 and the AC power source 2. 

In this conjunction, it is however noted that 
when the phase of the inverter output is delayed 
more or less relative to that of the AC power 
source 2, resulting in occurrence of power regen- 
eration from the AC power source 2 to the inverter 
1, there may arise such situation that the DC volt- 
age of the inverter 1 is boosted up due to reverse 
converting operation thereof. In the case where 
such regenerative state is brought about even in- 
significantly, the synchronism control should prefer- 
ably be performed. 

With the teaching of the invention incarnated in 
the third embodiment thereof, it is contemplated to 
perform the synchronism control when a power is 
regenerated from the AC power source 2 to the 
inverter 1 . 

Fig. 3 shows a structure of the power supply 
system according to the third embodiment of the 
invention. As can be seen from Fig. 3, the inverter 
control circuit includes a comparator 22 connected 
to the output terminal of the power sensor 15. This 
comparator 22 is designed to make decision on the 
basis of the effective power P detected by the 
power sensor whether or not the AC power Pi is in 
the regenerated state and generates an output sig- 
nal D of "H" level when the effective power P is of 
negative polarity. 

A one-shot multivibrator 23 is connected to an 
output terminal of the comparator 22 and designed 
to output a pulse E of a duration T2 (in seconds) 
when the output signal D of the comparator 22 
assumes a level of n H". The duration T2 is se- 
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lected to be sufficiently longer than that of the 
parallel operation in which both the switches 3 and 
4 are simultaneously closed. 

An analogue switch 19 connected to the outpu 
terminal of the one-shot multivibrator 23 and dosed 
^ nen ihe latter produces a pulse E constitutes the 
Tegulation input means for fetching the efletfive 
power P in response to the output signal D of the 

"""KTtS comparator 22 decides on the basis 
of the detected effective power P of negative po ar- 
t that the AC power P, is in the 
state, the output signal D of the comparator 22 
assumes the .eve. "H". as a result of which the 
one-shot multivibrator 23 outputs the pulse E of 
"H" level for the period of T2 seconds. 

Consequently, the analogue switch 19 .s closed 
to allow the effective power P to flow therethrough 
to be applied to the voltage-controlled oscillator 1* 
£ L manner, the inverter control circu.t cento s 
the output frequency of the inverter 1 so as to 
coincide with the output frequency of the AC power 
source 2 on the basis of the effective power P. 

As will be understood from the above descrip 
tion, when the effective power P becomes negative 
because of the power regeneration from the AC 
power sou ce 2 to the inverter 1 due to the phase 
La of the output power of the inverter 1 upon 
entering the parallel operation, the inverter control 
circuit performs the synchronism control on.y for 
^ period of T2 seconds, whereby synchrony 
can speedily be established between the inverter 1 
and the AC power source 2. 

Since the period T2 is sufficiently longer than 
the duration of the parallel operation, the synchro- 
nism control is effective during the parallel opera- 
ton of the inverter 1 and the AC power sou ce 2_ 
while the output frequency of the inverter 1 and 
ice that of the power supply system ,s regu^ed 
to be the center frequency fo in the isolated opera 
ton of the inverter 1. At this juncture, .t should be 
mentioned that the regeneration dec.s.on circuit 22 
7 23 can be employed in combination with the 
current sensor means 16; 17 described herein- 
before in the first and second embodiments. 

Embodiment 4 



in the case of the first to third embod.ments. 
the voltage-controlled oscillator 14 having the char- 
acteristic illustrated in Fig. 9 is employed for effec- 
ting the synchronism control which satisfies the 

'onditon tnat P, < P 2 when the effective power P 
is of positive polarity. However, the synchronism 

control may alternatively be P-^^"*^ 

the condition P, > P 2 can be satisfied In th s case. 

an advantage of an improved control stability can 

be obtained. 



With the fourth embodiment of the present 
invention, it is contemplated to provide the power 
supply system in which the effective power P, 
ouStted from the inverter 1 is primarily in charge 
5 ol bearing the power supply Ps to the loac 6 

Fiq 4 shows power-versus-frequency cha ac 
teristics of the voltage-controlled oscillator J4 ^ore 
specifically, a solid line curve represents the output 
frequency characteristic of the inverter 1, and a 
, 0 broken line curve represents the output frequency 
characteristic of the AC power source 2. 

As can be seen from Fig. 4. the output fre- 
quency (represented by the solid line curve) of the 
inverter 1 is higher than the center frequency fo 
, s than the output frequency (broken curve) of the AC 
Iwer source 2 in the no-load state, i.e., when the 
elective power P is zero. When the effective power 
P is of positive polarity, the frequency droops 
while it rises up when the effective power P is of 

20 ^Tl^^ the inverter 1 and the AC power 
source or generator 2 operate at an operation .point 
where they share the load power P, by P, and P 2 . 
Tespectively. at the frequency U (> 0) in the pa - 
25 alle. operation. Of course, the load power P, .s 
given as a sum of Pi and P 2 . where P, > P 2 - 

in this way. in the parallel operation for regulat- 
ing or adjusting the output frequency, the .nverter 
control circuit performs such control tha he AC 
30 oower P, to be borne by the .nverter 1 is con- 
stantly hgher than the AC power P 2 , whereby the 
power supplied to the load 6 transits stepwise 
smoothly or uniformly throughout the power supply 
chTnge-over operation process, i.e.. before, dur.ng 
as and after the power supply change-over. 

Upon termination of the parallel operation the 
analogue switch 19 is opened, resulting in that the 
synchronism control is disabled. 

40 Embodi ment 5 

In the case of the first to fourth embodiments, 
the voltage-controlled oscillator 14 exhibiting , the 
power-versus-frequency characteristics .MuMri 
45 in Fig. 9 is employed for realizing the synchronism 
control between the AC powers P, and P 2 by 
controll.ng the inverter output frequency f. It is 
however desirable to effectuate a forcve .synchro- 
nism control as soon as possible when the parallel 
50 operation is started. 

With the fifth embodiment of the invention, it is 
contemplated to effectuate the forcive Nverter syn- 
chronism control immediately upon starting of the 

parallel operation. 
ss Fig. 5 shows a power supply system accord.ng 

to the fifth embodiment of the invention. As can be 
seen in the figure, there are provided a voltage- 
controlled oscillator 14A for generating the center 
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frequency fo, a voltage-controlled oscillator 14B for 
generating a lowest (minimum) frequency f min or a 
highest (maximum) frequency f max in dependence 
on the polarity of the effective power P, and a 
change-over switch 25 inserted between the 
voltage-controlled oscillators 14A and 14B and a 
reference voltage generating circuit 13. A compara- 
tor 18A serves for making decision as to whether 
the AC current U exceeds a predetermined value 
and generates an output signal F of "FT level when 
the answer of the decision is affirmative, wherein 
the output signal F is inputted to the change-over 
switch 25 which has an output terminal connected 
to an input terminal of the reference voltage signal 
generator 13. When the output signal F of the 
comparator 18A is at "L" level, the change-over 
switch 25 allows the center frequency f 0 outputted 
from the voltage-controlled oscillator 14A to pass 
therethrough while allowing the lowest frequency 
fmin or the highest frequency f max from the voltage- 
controlled oscillator 1 4B to pass therethrough when 
the output signal F is at the level of "H n . 

Thus, the voltage-controlled oscillators 14A and 
14B cooperate to constitute a frequency change- 
over means for changing over selectively the out- 
put frequencies of the inverter 1 in response to the 
output signal F of the comparator 18A and in 
dependence on the polarity of the effective power 
P. 

Fig. 6 is a view for illustrating graphically the 
power-versus-frequency imparted to the frequency 
change-over means 14A, 14B and 25. As can be 
seen in this figure, when the effective power D is of 
positive polarity (indicative of the power running), a 
minimum or lowest frequency i min is generated, 
while in case the effective power P is of negative 
polarity (indicating the state of regeneration), a 
predetermined highest or maximum frequency f max 
is generated. Further, when the effective power P is 
zero (indicating the no-load state), the center fre- 
quency fo is generated. 

In the power supply system according to the 
fifth embodiment of the invention, the change-over 
switch 25 selects the voltage-controlled oscillator 
14B in response to the output signal F of the level 
"H" when the AC current li exceeds the predeter- 
mined value and when the effective power P is of 
negative polarity. On the other hand, when the 
effective power P is of negative polarity, the 
voltage-controlled oscillator 14B generates the 
maximum frequency f max in response to the effec- 
tive power P of negative polarity. In this manner, 
the inverter control circuit regulates the output fre- 
quency f of the inverter 1 to the maximum fre- 
quency Uax. 

On the other hand, when the AC current h 
exceeds the predetermined value and when the 
effective power P is of positive polarity, the 



change-over switch 25 responds to the output sig- 
nal F of "H" level to select the voltage-controlled 
oscillator 14B, whereby the minimum or lowest 
frequency F mjn is generated by the voltage-con- 
5 trolled oscillator 14B in response to the effective 
power P of positive polarity. Thus, the inverter 
control circuit regulates the output frequency f of 
the inverter 1 to the lowest or minimum frequency 

io When the AC current U is within the predeter- 

mined range (i.e., substantially equal to zero), the 
change-over switch 25 selects the voltage-con- 
trolled oscillator 14A in response to the output 
signal F of "L" level Consequently, the inverter 

/5 control circuit regulates the output frequency f of 
the inverter 1 to the center frequency f 0 . 

In general, the speed at which the phase of the 
AC power Pi outputted from the inverter 1 is 
equalized to that of the AC power P 2 supplied from 

20 the AC power source 2 increases as the difference 
in frequency between both the output powers in- 
creases. Accordingly, when the cross current of a 
magnitude greater than the predetermined value 
flows at the start of the parallel operation, synchro- 

25 nism can speedily be established by setting the 
output frequency f to the predetermined lowest 
frequency f mil> or highest frequency i max in depen- 
dence on the polarity of the effective power P. 

Parenthetically, although it has been mentioned 

30 that the power converter is constituted by the in- 
verter 1 for converting a DC power to an AC power, 
it goes without saying that a cyclo-converter for 
AC-to-AC power transformation may be employed 
to substantially same effect. 

35 

Embodiment 6 

* 

In the case of the first to fifth embodiments, the 
effective power P detected by the power sensor 1 5 

40 is fed back to the voltage-controlled oscillator 14, 
as in the case of the power supply system known 
heretofore. However, when the power converter is 
constituted by the inverter 1 in the intrinsic sense 
of the term, a current value at the DC side of the 

45 inverter 1 may be employed as the feedback quan- 
tity. 

With the sixth embodiment of the invention, it 
is contemplated to detect a DC current l d of the 
inverter 1 in place of the effective power P. 

so Fig. 7 shows schematically a structure of the 

power supply system according to the sixth em- 
bodiment of the invention. Referring to this figure, a 
current transformer 27 is provided for detecting a 
DC current l d at the input side of the inverter 1 in 

55 combination with a current transducer 28 for con- 
verting the DC current l d as detected to a voltage 
signal. The current transformer 27 and the DC 
current transducer 28 cooperate to constitute a DC 
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current sensor means for detecting a DC curren 
value of the inverter 1, wherein the DC current 
signal l d outputted from the current transducer 28 
is inputted to the voltage-controlled oscillator 14C 
lo be utilized for controlling the output frequency of 

the inverter 1. 

In the case of the instant embodiment, the 
inverter control circuit comprised of the DC current 
sensor means 27 and 28 is adapted to regulate the 
output frequency of the inverter 1 so as to co.nc.de 
with the output frequency of the AC power source 
2 in response to the DC current l„. 

In general, only the active component flows at 
the DC side of the inverter 1. Consequently, when 
the DC voltage V d becomes substantially constant 
the DC current l„ at the input side of the inverter 1 
is at least approximately in proportion to the active 
current. For this reason, there can be realized 
substantially same effect as in the case of the first 
to fifth embodiments by detecting the mput DC 
current l d of the inverter 1 instead of the output 

CUrr By way of example, when the effective power 
P is to be detected from the AC power P, as in the 
case of the first to fifth embodiments, it is required 
to detect the phase relation between the AC volt- 
aae V, and the AC current li . which means that the 
sensor means to this end will have to be imple- 
mented in a complicated configuration. In contrast, 
according to the sixth embodiment of the invention 
the DC current l d can easily be detected by the 
current sensor means 27 and 28 with a much 
simplified structure. 

In conjunction with the sixth embodiment, it 
should further be mentioned that an analogue 
switch may be interposed between the current tran- 
sducer 28 and the voltage-controlled osc.llator 14 
with the DC current l d outputted from the current 
transducer 28 is caused to pass through the com- 
parator to thereby close the analogue switch in 
dependence on the comparator output when the 
DC current l d indicates the regenerat.cn state 
(negative polarity) or the cross current state 

(positive polarity). 

Many features and advantages of the present 
invention are apparent form the detailed specif.ca- 
t,on and thus it is intended by the appended cla.ms 
to cover all such features and advantages of the 
system which fall within the true spirit and scope of 
the invention. Further, since numerous modifica- 
tions and changes will readily occur to those sk.lled 
in the art. it is not desired to limit the invention to 
the exact construction and operation illustrated and 
described. Accordingly, all suitable modifications 
and equivalents may be resorted to, falling within 
the scope of the invention. 



Claims 

1 An electric power supply system, comprising: 
a power converter for outputting a first AC 
5 power of a first AC voltage and a first AC 

current; 

an AC power source for outputting a sec- 
ond AC power of a second AC voltage and a 
second AC current; 
, 0 switch means for supplying at least one of 

said first and second AC powers to a load; and 
a power converter control circuit for regu- 
lating an output frequency of said power con- 
verter in accordance with an active component 
, 5 of said first AC power; 

wherein said power converter control cir- 
cuit includes: 

current sensor means for detecting said 

first AC current; 
20 comparator means for deciding whether or 

not said first AC current exceeds a predeter- 
mined value; and 

regulation input means for fetching an ac- 
tive component of said first AC power in de- 
25 pendence on the output signal of said com- 

parator means; 

wherein when said first AC current ex- 
ceeds said predetermined value, an output fre- 
quency of said power converter is so regulated 
30 as to coincide with an output frequency of said 

second AC power source in dependence on 
said active component of said first AC power. 

2 An electric power supply system according to 
claim 1, wherein said power converter control 
circuit regulates the output frequency of said 
power converter such that said first AC power 
is constantly maintained higher than said sec- 
ond AC power. 



35 



40 

3 An electric power supply system according to 
claim 1, wherein said regulation input means 
includes an analogue switch having inputs con- 
nected to the output of said comparator means 
45 and the output of a power sensor for detectmg 

said active component of said first AC power, 
respectively, and having an output connected 
to a voltage-controlled oscillator, wherein when 
it is decided by said comparator means that 
so said first AC current exceeds said predeter- 

mined, said analogue switch is closed to there- 
by apply said active component outputted from 
said power sensor to said voltage-controlled 
oscillator whose output frequency is utilized for 
55 regulating the output frequency of said power 

converter so that it coincides with the output 
frequency of said second AC power source. 
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4. An electric power supply system according to 
claim l, wherein said regulation input means 
allows the active component of said first AC 
power lo pass therethrough in a transient par- 
allel operation for supplying said first and sec- 5 
ond AC powers to said load through said 
switch means, while inhibiting the active com- 
ponent of said first AC power from passing 
therethrough in an isolated operation for sup- 
plying only said first AC power to said load; 10 
and 

wherein said power converter control 
means regulates the output frequency of said 
power converter in said transient parallel op- 
eration by regulating the output frequency of 75 
said power converter to a center frequency 
corresponding to a no-load state in said iso- 
lated operation in succession to termination of 
said transient parallel operation. 

20 

5. An electric power supply system according to 
claim 4, wherein said regulation input means 
includes a variable gain amplifier having a gain 
variable in dependence on the output of said 
comparator means. 25 

6. An electric power supply system according to 
Claim 4, wherein said power converter control 
circuit regulates the output frequency of said 
power converter such that said first AC power 30 
is constantly maintained higher than said sec- 
ond AC power. 

7. A power supply system, comprising: 

a power converter for outputting a first AC 35 
power of a first AC voltage and a first AC 
current; 

an AC power source for outputting a sec- 
ond AC power of a second AC voltage and a 
second AC current; 40 

switch means for supplying at least one of 
said first and second AC powers to a load; and 

a power converter control circuit for regu- 
lating an output frequency of said power con- 
verter in accordance with an active component 45 
of said first AC power; 

wherein said power converter control cir- 
cuit includes: 

power sensor means for detecting said 
first AC power; 50 

comparator means for making decision on 
the basis of output of said power sensor 
means as to whether or not said first AC power 
is in a regenerative state; and 

regulation input means for fetching an ac- 55 
tive component of said first AC power in re- 
sponse to an output signal of said comparator 
means; 



wherein an output frequency of said power 
converter is so regulated as to coincide with an 
output frequency of said AC power source in 
dependence on said active component of said 
first AC power, when said first AC power is in 
the regenerative state. 

8. An electric power supply system according to 
Claim 7. wherein said regulation input means 
includes an analogue switch having an input 
connected to the output of said power sensor, 
a one-shot multivibrator connected between 
said comparator means and said analogue 
switch, and a voltage-controlled oscillator con- 
nected to an output of said analogue switch, 
and wherein when the output signal of said 
comparator means indicates that said power 
converter is in the regenerative state, said one- 
shot multivibrator outputs a signal of a duration 
selected longer than that of the parallel opera- 
tion to said analogue switch which responds 
thereto by supplying the output of said power 
sensor to said voltage-controlled oscillator 
whose output frequency is utilized for control- 
ling said power converter. 

9. An electric power supply system according to 
Claim 7, wherein said power converter control 
circuit regulates the output frequency of said 
power converter such that said first AC power 
is constantly maintained higher than said sec- 
ond AC power. 

10. An electric power supply system, comprising: 

a power converter for outputting a first AC 
power of a first AC voltage and a first AC 
current; 

an AC power source for outputting a sec- 
ond AC power of a second AC voltage and a 
second AC current; 

switch means for supplying at least one of 
said first and second AC powers to a load; and 

a power converter control circuit for regu- 
lating an output frequency of said power con- 
verter; 

wherein said power converter control cir- 
cuit includes: 

current sensor means for detecting said 
first AC current; 

comparator means for making decision as 
to whether or not said first AC current exceeds 
a predetermined value; and 

frequency change-over means for chang- 
ing the output frequency of said power con- 
verter in response to an output signal of said 
comparator means and in dependence on po- 
larity of said active component of said first AC 
power; 
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wherein the output frequency of said pow- 
er converter is so regulated as to be maximum 
when said first AC current exceeds said pre- 
determined value and when said active compo- 
nent is of negative polarity; 

while said output frequency of said power 
converter is so regulated as to be minimum 
when said first AC current exceeds said pre- 
determined value and when said active compo- 
nent is of positive polarity; and 

said output frequency of said power con- 
verter is so regulated as to become a center 
frequency when said first AC current is below 
said predetermined value. 

11 An electric power supply system, comprising: 
a power converter for outputting a first AC 
power of a first AC voltage and a first AC 
current; 

an AC power source for outputting a sec- 
ond AC power of a second AC voltage and a 
second AC current; 

switch means for supplying at least one of 
said first and second powers to a load: and 

a power converter control circuit for regu- 
lating an output frequency of said power con- 
verter* 

said power converter being constituted by 

an inverter; . 

said power converter control c.rcu.t includ- 
ing a DC current sensor for detecting a DC 
current value of said inverter; 

wherein the output frequency of said pow- 
er converter is so regulated as to coincide with 
the output frequency of said AC power source 
in dependence on said DC current value. 
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© Electric power supply system. 
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© A power supply system of a high reliability and 
stability capable of suppressing a cross current flow 
by establishing rapidly synchronism between a pow- 
er converter and an AC power source (2) in a par- 
allel operation for changing over the power supply 
sources. The power supply system comprises a 
current (16, 17) for detecting an AC current supplied 
from a power converter, a comparator (18) for mak- 
ing decision as to whether the AC current exceeds a 
predetermined value, and a regulation input means 
(19) for fetching an active component of the AC 
power supplied from the power converter in re- 
sponse to an output signal of the comparator (18), 
wherein when the AC current exceeds a predeter- 
mined value, an output frequency of the power con- 
verter is speedily regulated so as to coincide with an 
output frequency of the AC power source (2) in 
accordance with a drooping characteristic of the 
active component of the AC power, while in an 
isolated operation of the power converter, the output 
frequency is set at a predetermined value. 
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